Abstract. Tomicus piniperda and T. destruens are sibling species which are extremely difficult to separate by morphological characters. Although several papers report differences between the two species, many characters need confirmation or better description. Moreover, new morphological characters are required for correct species determination. For these purposes, eight populations of T. destruens from Italy, Greece, Spain and Algeria, and ten of T. piniperda from Finland, Poland, Czech Republic, Austria, Sweden and Italy, were investigated considering eleven morphological characters. The morphological differences most useful for the species separation include four previously described characters (colour of the elytra, colour of the antennal club, distribution of the antennal setae, distribution of the punctures along the elytral declivity), and four new characters (body proportions, setation of the first antennal club suture, sculpture of the elytral declivity and striae density of the pars stridens). Distribution of the two species is discussed and an illustrated key is included.
INTRODUCTION
The species of the genus Tomicus Latreille, 1802 (= Blastophagus Eichhoff, 1864; = Myelophilus Eichhoff, 1878) belong to the most dangerous pine pests in Eurasia, playing a major role in the decline of many pine forests (Eichhoff, 1881; Escherich, 1923; Postner, 1974; Lång-ström & Hellqvist, 1991; Ye, 1991; Ye & Lieutier, 1997; Dajoz, 2000) . Of the six Tomicus species known to the world (Wood & Bright, 1992) , only T. piniperda (Linnaeus, 1758) , T. destruens (Wollaston, 1865) and T. minor (Hartig, 1834) occur in Europe (Pfeffer, 1995) . Tomicus piniperda is widespread in Eurasia and it has recently been introduced to North America (Haack & Kucera, 1993; Haack & Poland, 2001; Haack et al., 2000) . Tomicus destruens is found in all circumMediterranean regions and Madeira Islands, whereas Tomicus minor occurs in Europe and Asia (Pfeffer, 1995) .
For a long time, T. piniperda and T. destruens have been considered as synonymous (Schedl, 1932 (Schedl, , 1946 , rejecting the conclusions of Wollaston (1865) , who described T. destruens as a separate species based on specimens collected in Madeira. Wollaston (1865) described T. destruens as "different from T. piniperda in being on the average a little larger and thicker, and its elytra, which are more coarsely rugulose, being always more or less ferruginous. Its antennae are totally pale (brown in T. piniperda) with their clubs somewhat longer and more acute". Reitter (1913) , apparently unaware of Wollaston's paper and finding differences in the elytra colour, reported T. piniperda var. rubripennis (elytra reddish) as a Mediterranean variety of T. piniperda (elytra brown). The same character was also used by Krausse (1920) , who described T. piniperda var. rubescens as having reddish elytra. Later, Russo (1940) studied both morphology and biology of some populations of T. piniperda var. rubripennis Reitter occurring in central Italy, without adding new characters. However, these varieties have no taxonomical value as they were described only on the basis of different colours, and not supported by morphological or genetic differences. Not until 1971 did Lekander, who was looking for new morphological characters of the larvae, accept T. destruens as a different species having three pairs of epipharyngeal setae instead of the four pairs found in T. piniperda. Lekander (1971) briefly commented also on the size and proportions of the two species, but did not provide measurements or other numerical data. Kerdelhué et al. (2002) described the declivity of T. piniperda elytra with one row of small and deep punctures occurring between the main punctures of the second interstria, whereas two to three rows can be observed in T. destruens. Kohlmayr et al. (2002) reported that three rows of setae occur on the antennal club of T. destruens between the second and third suture, whereas T. piniperda has only one row of setae. In addition, on the elytra of T. destruens the same authors found types of setae not occurring on the elytra of T. piniperda. The descriptions of Wollaston and Lekander were recently supported by genetic analyses, which confirm that T. destruens and T. piniperda are two different species (Gallego & Galian, 2001; Kerdelhuè et al., 2002; Kohlmayr et al., 2002; Faccoli et al., 2005) .
However, despite the morphological characters reported in the literature, separation of the two Tomicus species is still extremely difficult. No illustrated key is available, and the differences described in the literature very often include unstable characters such as elytral or antennal colour, which can change with insect age. As a result of the uncertain identification of the species, most scientific papers published in Mediterranean countries, where T. destruens is more common, report T. piniperda as the investigated species (Eggers, 1929; Schedl, 1932; Russo, 1940 Russo, , 1946 Balachowsky, 1949; Chararas, 1962; Masutti, 1969; Carle, 1975; Triggiani, 1983 Triggiani, , 1984 Gil & Pajeras, 1986; Ferreira & Ferreira, 1986) . In the scientific literature these two Tomicus species have been often confused, which results in mixing of data from biological and control studies. From this point of view, correct identification of the species remains one of the main problems for Tomicus investigations carried out in southern Europe.
The aims of the present paper were to investigate the validity of the morphological characters reported in the literature (Reitter, 1913; Krausse 1920; Pfeffer, 1995; Kerdelhué et al., 2002; Kohlmayr et al., 2002) , and to look for new characters useful for Tomicus species identification.
MATERIAL AND METHODS

Insect collection
Callow and mature adults of T. destruens and T. piniperda were collected in eighteen localities from Europe and North Africa for a total of 230 specimens (Fig. 1, Tables 1 Kohlmayr et al. (2002) . Countries are reported using the international abbreviation code. insects were collected from pine shoots found in the litter (mature adults), sampled from pine stems at the beginning of the bark colonisation (mature adults), and from breeding cages containing infested pine logs (callow adults). Some of the populations sampled from central and north Europe were the same as those investigated by Kohlmayr et al. (2002) for genetic purposes (Tables 1 and 2 ).
Morphological investigations
Six characters reported in the literature and four new morphological characters were tested for separation of T. piniperda and T. destruens. In particular, according to the specimen availability (Tables 1 and 2 ), the following characters were investigated:
(1) Colour of elytra
The character was investigated for 149 mature adults, 90 of T. destruens and 59 of T. piniperda (Tables 1 and 2 ). Many authors have reported differences in elytral colour between these Tomicus species (Reitter, 1913; Krausse 1920; Pfeffer, 1995) . However, as is difficult to describe a colour or its intensity in different specimens, in the present paper we investigated if the elytra are similar in colour or lighter than the pronotum, which is always black in mature adults.
(2) Colour of antennal club
The colour of the antennal club, yellow in T. destruens and brown in T. piniperda (Wollaston, 1865; Pfeffer, 1995) , was tested in 90 T. destruens and 59 T. piniperda, comprising both callow (81) and mature specimens (149) ( Tables 1 and 2 ).
(3) Setation of antennal club Kohlmayr et al. (2002) suggested separating the two Tomicus species by the density of setae occurring on the surface of the third segment of the antennal club, where T. piniperda has only a few setae and T. destruens many more. The character was investigated for 98 T. destruens and 84 T. piniperda, considering both callow and mature adults.
(4) Type and distribution of setae along the elytral interstriae Kohlmayr et al. (2002) reported three different types of setae (A, B and C) occurring on the elytra of T. piniperda and T. destruens. The setae A and B were found on both the species, whereas the setae of type C were only found in T. destruens. To investigate this character, 298 elytra of mature adults (90 T. destruens and 59 T. piniperda) were analysed by stereoscope and S.E.M.
(5) Distribution of punctures along the declivity According to Kerdelhué et al. (2002) , the declivity of T. piniperda has one row of more-or-less regularly spaced, small, deep punctures occurring between the main punctures of the second interstriae, whereas T. destruens has scattered fine punctures occurring in two or three rows. This character has been investigated in 116 T. piniperda and 114 T. destruens, considering both callow and mature adults (Tables 1 and 2 ).
(6) Sculpture of elytral declivity
In the original description of T. destruens, Wollaston (1865) described the elytral declivity as being duller and more wrinkled than in T. piniperda. Sculptures along the second declivital interstriae were analysed in 116 T. piniperda and 114 T. destruens, using both callow (81) and mature adults (114) ( Tables 1  and 2 ).
(7) Setation of the costal vein Number, density and distribution of the setae occurring along the costal vein of the membranous wings were analysed for 116 T. piniperda and 114 T. destruens, considering both wings of each specimen.
(8) Shape of aedeagus and eighth female sternite
The shape of aedeagus, spiculum and eighth female sternite are sometimes useful in scolytid identification (Fuchs, 1912; Butovitsch, 1929) . However, in the genus Tomicus the eighth sternite of both male and female are very small and composed of two weakly sclerified pieces joined by an unsclerified membrane (Figs 2-3 Kohlmayr et al. (2002) . Countries are reported using the international abbreviation code. by the eighth tergite (pygidium) both in males and females. For these reasons, beside the aedeagus and the spiculum, our investigations were focused on pygidium (eighth tergite) (Figs 10-11) and propygidium (seventh tergite) (Figs 12-13) of mature males and females of 59 T. piniperda and 90 T. destruens (Tables 1 and 2 ).
(9) Structure of the stridulatory device Males of Tomicus produce sound by a stridulatory device made by a plectrum, two paired conical teeth located on the posterior margin of the propygidium, and a pars stridens occurring on the inner face of the elytra. As in North American species of the genus Ips, density and shape of pars stridens are useful for species identification (Lanier, 1970a, b) , the structure of the stridulation device was investigated by S.E.M. in 298 elytra of 59 T. piniperda and 90 T. destruens. Only mature adults were used.
(10) Body proportions
The body proportions can vary among species as observed by Wollaston (1865), who described T. destruens a "little larger and thicker than T. piniperda". Lekander (1971) confirmed the description made by Wollaston (1865) , measuring 44 T. destruens from France and 44 T. piniperda from Sweden, but no values were reported in his paper. In this regard, total length and width of elytra and pronotum were recorded in 116 T. piniperda and 114 T. destruens (Tables 1 and 2 ). The measurements concerned the width of the posterior part of the pronotum (Fig. 4a) , the length of the pronotum (Fig. 4b) , the length of the elytra (Fig. 4c) , and the width of elytra (Fig. 4d) .
Insect handling and sample preparation
The analyses were carried out using a Wild ® stereoscopic dissecting microscope (50×) and a Wild ® microscope (100×), except for the studies concerning density of pars stridens and elytral setation where a S.E.M. was used. The samples analysed by microscope (antennal clubs, membranous wings and genitalia) were prepared by leaving the insect in a KOH solution for 30 minutes at 80°C; then, the body was dissected and the Figs 6-7. 6 -Punctures of the second interstriae along the declivity of the elytra of Tomicus piniperda. Note the uniseriate small punctures running between the two rows of the main punctures. The tegument is smooth, with no evident crenulation. 7 -Punctures and transverse crenulation of the second interstriae along the declivity of the elytra of T. destruens. Note the small and deep punctures scattered between the two rows of the main punctures. investigated samples were left for few seconds in ethanol 75%, ethanol 90% and pure xylol successively. Finally, the samples were fixed on slides in Canada balsam.
Statistical analysis
Data were subjected to analysis of variance (ANOVA test) by the General Linear Model for randomised block designs (Zar, 1999) for determination of differences between the mean values.
Homogeneity of variance was tested using Cochran's test and, when necessary, data were log-transformed [X' = log (x + 1)] or arcsin-transformed (X' = arcsin Px) to obtain homogeneous variances. Where significant differences occurred, Tukey's honestly significant difference (HSD) multiple comparison test was applied for mean separation (Zar, 1999) . Data having a nonnormal distribution were subjected to chi-square ( 2 ) analysis. Differences at 0.05 level of confidence were considered significant. Analyses were performed by the STATISTICA ® per WIN-DOWS ® software.
RESULTS AND DISCUSSION
(1) Colour of elytra Mature adults of the two species had different elytral colour (Table 3) . In this respect, T. destruens always had elytra lighter and more reddish than the pronotum, whereas T. piniperda had elytra dark-brown or black with a colour similar to that of the pronotum. Therefore, besides to that previously reported (Wollaston, 1865; Reitter, 1913; Krausse, 1920) , the comparison between elytral and pronotum colour is also useful for Tomicus identification. However, callow adults of both species have a similar homogeneous yellow colour, thus for young specimens other characters must be used for identification.
(2) Colour of antennal club
Overall, 97.5% of T. piniperda specimens had the antennal club browner than the funicle, whereas 96.2% of T. destruens had both antennal club and funicle pale (Table 3) . In a few cases the character was not recognizable. The character was easily visible in both mature and callow adults, without statistical differences (Tables 5 and  6 ). The colour of the antennal clubs is one of the differentiating characters reported in the original description made by Wollaston in 1865. Moreover, in a more recent key for identification of Palaearctic bark beetles, Pfeffer (1995) reported club colour as the only character useful for separation of these two Tomicus species. 
(3) Setation of antennal club
The distribution of setae occurring on the third antennal segment was denser in T. destruens than in T. piniperda (Table 3) , especially in the upper part of the club (Fig. 5) . Concerning T. piniperda, 69.9% of the specimens showed the character proposed by Kohlmayr et al. (2002) , whereas in 27.8% of the adults the character was not visible. For T. destruens the character occurred in 82.3% of the specimens but was not identifiable in 13.9% of the adults. Finally, 6.3% of T. destruens were similar to T.
piniperda. There were not statistical differences between callow and mature adults (Tables 5 and 6) .
During the present study a new morphological difference was found. In 83.5% of T. piniperda the upper margin of the first antennal segment had two different types of setae, one short and one long (Fig. 5b) , placed in a single row, whereas 86% of T. destruens had only short setae (Fig. 5a) (Table 3 ). The new character, which has higher accuracy (83.5% of T. piniperda and 86% of T. destruens) than the character proposed by Kohlmayr et al. (2002) (69.9% of T. piniperda and 82.3% of T. destruens), occurred both in callow and mature adults (Tables 5 and 6 ).
(4) Type and distribution of setae along the elytral interstriae
This do not seem to be a good morphological character for Tomicus identification as no differences were found in the elytral setae of the two species, neither by stereoscope nor by SEM. The three types of setae (A, B and C) described by Kohlmayr et al. (2002) occurred on the elytra of both the species, with the setae of type C occurring only sporadically.
(5) Distribution of punctures along the declivity
According to Kerdelhué et al. (2002) , the distribution of the punctures on the second interstriae along the declivity was different between species (Table 3) . Tomicus piniperda had uniseriate, small and deep punctures occurring between the large and shallow punctures of the striae (Fig. 6) . Tomicus destruens had similar punctures, but they were arranged in two or three irregular rows (Fig. 7) . Wood also reported this difference in an unpublished key to Tomicus genus (pers. comm., 1999) . Although the character is usually good for species separation, it did not occur in all specimens, and for both species it was more visible in mature compared with callow adults (Tables 5 and 6 ) of non-normal data from the morphological comparison of mature and callow adults of Tomicus destruens. Differences at 0.05 level of confidence were considered significant.
Figs 12-13: 12 -seventh male tergite (propygidium) of Tomicus destruens and magnification of the plectrum; 13 -seventh female tergite of T. destruens.
(6) Sculpture of elytral declivity
The declivity of both species was weakly, irregularly, transversely wrinkled, most easily seen on interstiae 2 where no setae occur (Figs 6-7 ), but in most T. destruens specimens the sculpture of the second declivital interstriae was more wrinkled than in T. piniperda (Table 3) .
Our observations partially confirm the character proposed by Wollaston (1865) , who described the elytral declivity of T. destruens as more "opaque and wrinkled" than in T. piniperda. Nevertheless, there were no relevant differences between species in the lustre of the elytral declivity, and the shining of the second interstria was similar in both species. The character was more visible in mature than in callow adults.
(7) Setation of the costal vein
The two species showed no statistical difference in both the number of setae, their density or the distance between first and last setae occurring along the costal vein of the membranous wings (Table 4 , Fig. 8 ). Therefore, this character is not reliable for Tomicus identification.
(8) Shape of aedeagus and tergites
The genitalia, which can provide important morphological characters (Fuchs, 1912; Butovitsch, 1929) , were similar between the two species. Males of T. piniperda and T. destruens had aedeagus and spiculum similar in shape and size (Fig. 9) . Likewise, pygidium (eighth tergite) (Figs 10-11) and propygidium (seventh tergite) were similar between species, and different between sexes. None of the investigated segments shows morphological differences visible by stereoscope or microscope.
(9) Structure of the stridulatory device Tomicus males are able to produce sound by a stridulatory device constituted by two conical bristles (plectrum) situated on the central part of the posterior margin of the propygidium (Fig. 12) . The plectrum scrapes against tegumental striae (pars stridens), which are situated on the adjacent inner surface of the elytra (Fig. 14) plectrum, so they are unable to produce sound. The pars stridens of Tomicus males covers a large area along the inner and postero-medial part of the elytra (close to the elytral suture), and no differences were found between species in either shape or size (Fig. 14) . However, the density of striae along the pars stridens was higher in T. piniperda than in T. destruens (Table 4 , Fig. 15 ). The pars stridens of T. piniperda had in average 0.63 striae per micron, whereas only 0.42 occurred in T. destruens (Fig.  16 ). No differences were found between species in shape, size and position of the plectrum (Fig. 12) . In many bark beetles, stridulation is known to be important for aggregation and mating Rudinsky & Ryker, 1976; Rudinsky & Vallo, 1979) . Different densities of pars stridens could determine different sound emissions, which can lead to reproductive isolation among closely related species, as T. destruens and T. piniperda.
(10) Body proportions
The ratio between length and width of the elytra was different between species, higher in T. piniperda (>1.7) than in T. destruens (<1.7) (Table 3) . Also, the ratio between elytra and pronotum length was higher in T. piniperda (>2.35) than T. destruens (<2.35) (Table 3) . Finally, the ratio between elytral length and pronotum width was higher in T. piniperda (>1.9) than T. destruens (<1.9) ( Table 3) . Lekander (1971) supported the general observations made by Wollaston (1865) concerning the different size and shape of the two species, describing T. destruens as on average a little "larger and wider" than T. piniperda. Our measurements give similar results with T. piniperda having in general a slimmer silhouette than T. destruens. Finally, we found no significant differences between species in shape and proportions of the pronotum, although Lekander (1971) described the form of the pronotum as "more pear-like in the piniperda than in destruens in which species it is broadest at the base, tapering gradually forwards, and therefore barely pearshaped".
CONCLUSIONS
One aim of systematic research is to find clear morphological characters useful for species separation. Nevertheless, in many cases the available characters are few and weak. The acceptance of T. destruens as a different species from T. piniperda has been relatively recent due to the absence of clear diagnostic differences between the two species. In addition, many descriptions were not very useful for taxonomic purposes, as they did not provide figures concerning the differentiating characters (Wollaston, 1865; Reitter, 1913; Krausse, 1920) . Although Lekander (1971) reported clear drawings of the larval epipharyngeal setae, his sketches of the adults are not very useful. Only recent genetic analyses have confirmed the validity of T. destruens as a separate species (Gallego & Galian, 2001; Kerdelhuè et al., 2002; Kohlmayr et al., 2002; Faccoli et al., 2005) . However, the present morphological investigation allowed for the discovery or confirmation of eight characters that differentiate T. destruens and T. piniperda. They include elytra colour, antennal club colour, density of antennal club setae, setation of the first antennal club suture, punctuation of the second declivital interstriae, structure of stridulatory device, body proportions, and sculpture on the elytral declivity. On the other hand, three of the eleven investigated characters, such as the type of setae of the elytral interstriae, density of setae along the costal vein, and the shape and size of genitalia, were not useful in separating the two species. All morphological differences reported in the literature are good for Tomicus separation, except the setation of the elytral interstriae proposed by Kohlmayr et al. (2002) , which probably needs a more detailed analysis. In addition, the differences among setae are visible only by SEM. Concerning the original observations carried out in the present paper, the density of the pars stridens, the setation of the first suture of the antennal clubs, and the body proportions are new characters useful for separation of T. piniperda and T. destruens. Finally, callow adults of T. destruens and T. piniperda can be easily separated using all the proposed characters, except the colour of the elytra. However, the punctures occurring on the declivital interstriae and the sculpture of the elytral declivity are more difficult to see in callow than in mature adults.
Data from the investigated populations (Table 1 and 2) and from the literature indicated T. destruens as a thermophile species living in Mediterranean and Atlantic regions (Fig. 1) , which include western localities such as Madeira (Wollaston, 1865; Lekander, 1971) , Spain (Lekander, 1971; Kohlmayr et al., 2002) and Mallorca (Lekander, 1971) , central Mediterranean including North Africa (Algeria), Italian and Greek coasts (Fig. 1) , Sardinia and Tuscany archipelagos (Faccoli & Cecchi, 2003) , and finally eastern regions as Turkey, Cyprus and Israel (Lekander, 1971) . Tomicus piniperda has a larger Eurasian distribution. However, in southern Europe it is possible to find overlapping populations of the two species, especially in southern France, northern Spain, Portugal, and the Balkan peninsula (Kerdelhuè et al., 2002; Gallego et al., 2004) . In this respect, it would be interesting to 
